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Abstract 
The purpose of this study was to evaluate drinking water quality from hand-pumps in Ghana, Mali, and Niger, to 
provide an overview of potential health effects, and to evaluate evidence of health effects in the population. 
Concentrations of 22 parameters in 3,337 groundwater samples were analysed and compared to World Health 
Organization drinking water guidelines. In general, F, Mn, and Al had relatively larger and more common rates of 
occurrence, though there is some variation according to the country.  For F, there were reports of skeletal fluorosis in 
Niger and dental fluorosis in Ghana.  For Mn and Al it was difficult to assess health effects due to scarce information.   
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1. Introduction 
Groundwater is increasingly relied on as a source of potable drinking water for rural communities in 
West Africa. Reasons for this development include use of facilitating hand-pumps in remote locations, 
availability during drought, low price relative to treating surface water, and superior chemical and 
biological quality relative to surface water [1]. Some parameters found in groundwater have typically low 
concentrations and are essential to human life, but at higher concentrations there may be potential health 
effects for humans including diseases, disorders, cancers, reduced growth, and increased mortality [2]. 
The purpose of this study was to evaluate drinking water quality from hand-pumps in Ghana, Mali, and 
Niger, to provide an overview of potential health effects, and to evaluate evidence of health effects in the 
population. A total of 3,337 groundwater samples from hand-pumps were analyzed for concentrations of 
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Ag, Al, As, Ba, Be, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Sb, Se, Sr, Tl, U, V, Zn, and F and compared to 
World Health Organization (WHO) drinking water guidelines. 
 Collection and analyses of samples were done between 2002 and 2011 in collaboration with the World 
Vision International (WVI) and the Desert Research Institute (DRI). To-date, several thousand hand-
pumps have been commissioned, providing approximately one million rural community members with 
potable water. The distribution of sampling points was dictated by local need for potable water.  
2. Methods 
Samples were collected during borehole development or after drilling, but before hand-pump 
emplacement. Some samples were collected at actively used hand-pumps. Standard methods were applied 
as much as possible; timing was random, as sample collection was hampered by monsoonal rains and 
extreme heat. After collection, samples were shipped to DRI for analysis. Parameters were analyzed 
according to USEPA standard methods 4500F (F) and 200.8 (all other parameters). All results were 
reported in their original format and no efforts were made to adjust, infill, or perform additional measures 
for values below the detection limit. 
3. Results and discussion 
3.1. Parameters exceeding guidelines  
Table 1 shows WHO guidelines and percent of samples exceeding the guidelines. Seven parameters 
exceeded guidelines for at least 4% of samples: Al, As, Ba, Mn, Pb, U, and F. This paper uses 4% as a 
threshold for the sake of brevity. In general, F, Mn, and Al had relatively larger and more common rates 
of occurrences. Other large rates of occurrence were As in Ghana, Pb in Mali, and U and Pb in Niger.   
Table 1. Drinking water guidelines of the World Health Organization (WHO) for 22 parameters evaluated in this study; (*) no 
guidelines, (**) no samples exceeding guidelines. 
Parameter WHO Guideline (μg/L) Percent exceeding WHO guideline 
Three Countries Ghana Mali Niger 
Ag * * * * * 
Al 200 5.9 5.6 8.6 5 
As 10 5.1 6.6 ** 0.7 
Ba 700 5.8 6.6 2.1 4.2 
Be * * * * * 
Cd 3 0.1 ** 0.2 0.5 
Co * * * * * 
Cr 50 ** ** ** ** 
Cu 2,000 ** ** ** ** 
Fe * * * * * 
Mn 400 6.8 7.5 5.6 4 
Mo 70 1.6 2 ** 0.5 
Ni 70 <0.01 <0.01 ** ** 
Pb 10 3.9 1.2 14.2 9.7 
Sb 20 ** ** ** ** 
Se 10 3.2 3.7 1.6 1.7 
Sr * * * * * 
Tl * * * * * 
U 15 5.6 4.3 2.6 17.1 
V * * * * * 
Zn 5,000 <0.01 ** ** 0.01 
F (mg/L) 1.5 9.7 11.4 0.7 8.4 
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Project emphasis is on the safe supply of potable water in rural areas, which are characterized by small 
holder subsistence agriculture, and are generally devoid of industrial activity. While some “hot spots” of 
water chemistry may be associated with highly localized cottage industries, parameters in excess of WHO 
guidelines are largely geologic in origin and not likely to be from anthropogenic sources. The distribution 
of parameters found in the samples, thus, reflects the diverse geological terrains from the three countries.  
3.2. Health effects 
There is evidence that F in excess of the WHO guideline carries increasing risks of fluorosis of the 
enamel (mottling of the teeth) and, at progressively higher concentrations, leads to increasing risks of 
skeletal fluorosis [3]. As compared with this study, others for Ghana report 6.7% of samples exceeding 
the guideline, with rates increasing to 17% in particular regions, and 62% of the total population of school 
children in the Bongo area showing dental fluorosis [4, 5, 6]. In Tibiri, Niger, 425 cases of children with 
skeletal fluorosis are reported; drinking water samples for F showed 4.8 to 6.6 mg/L [7].  In Mali, one 
study reports F ranging from <0.2 to 1.7 mg/L with less than 0.1% above the guideline [8]. All studies 
suggest high concentrations of F to be localized. Mitigation measures by filtration for high F levels are 
being taken by WVI in Ghana and Niger.   
 
Epidemiological studies show exposure to Al and Mn to be risk factors for mental impairment. 
Specifically, Al is associated with Alzheimer's disease [9].  In Ghana, reports are generally high mean 
values of Al in northern regions and 95% of samples in the Volta Region [5,9]. Exposure to Mn above 
guidelines is linked with child attention and memory impairments, and impaired manual dexterity and 
speed [10]. In Ghana, reports of Mn exceeding the guideline range from less than 3% in northern areas, to 
average values just above the guideline, to 11% of samples [4,5,9]. In Mali, Mn values are thought to be 
low [8]. All studies suggest high concentrations to be localized. It is difficult to evaluate rates of mental 
impairment resulting from exposure from drinking water as there are relatively few drinking water data 
and no known baseline of mental health. A general survey of mental health services in 185 developing 
countries including Ghana reports a scarcity of resources relative to the population-level need, chronic 
shortages of trained personnel, shortfalls between the total health expenditure and those for mental health, 
and incomplete mental health policy frameworks [11]. Even with a baseline of mental health, the 
underlying cause of mental impairment may be difficult to determine.  
 
Exposure to heavy metals As, Pb, and U is associated with adverse health effects including: DNA 
damage, neurological disorders, increased cancers, and damage to the central nervous system [1]. With 
respect to As, studies in Ghana report guidelines exceeded for less than 2% of samples [4,5]. Mitigation 
measures against As are being taken by WVI in Ghana. With respect to Pb and U, one report describes 
water and soil from mine areas in Niger to be contaminated with high radioactivity levels [12], though 
values and numbers of samples were not given. In general, limited information were available for these 
parameters in Mali and Niger. It is difficult to evaluate rates of cancers directly resulting from exposure 
from drinking water as cancer information in developing countries is scarce. A global review of cancer 
rates estimates diagnosis (in order) in developing countries to be: lung, stomach, and liver for men; and 
breast, cervix/uterus, and lung for women [13]. As a comparison with estimates, the National Cancer 
Registry in the Gambia shows liver cancer to be the most common cancer among men (62%) and second-
most common cancer among women (28% following cervical cancer, which is 29%), with occurrence 
attributed to prevalence of chronic hepatitis in the population [14]. This suggests that, while exposure to 
any of parameters exceeding the WHO guideline is not trivial, the adverse health effects of some 
parameters may be outweighed by benefits gained from reduction of microbial water-borne diseases.     
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4. Conclusions 
The purpose of this study was to evaluate drinking water quality from hand-pumps in Ghana, Mali, and 
Niger, to provide an overview of potential health effects, and to evaluate evidence of health effects in the 
population. In general, F, Mn, and Al had relatively larger, more common, rates of occurrences. Other 
large rates of occurrences were As in Ghana, Pb in Mali, and U and Pb in Niger. For F, there were reports 
of skeletal fluorosis in Niger and dental fluorosis in Ghana.  For Mn and Al, and heavy metals As, Pb, and 
U it was difficult to assess mental health and rates of cancers, respectively, due to scarce information. It 
should be considered that adverse health effects of some parameters may be outweighed by reduction of 
microbial water-borne diseases. High values of parameters may be localized; detailed geological and 
geochemical mapping may identify areas of higher risk and determine the conditions causing release into 
the groundwater.  It is anticipated that information from this study may be used to support water resources 
management, borehole drilling activities, and planning process of new drinking water projects. This is 
particularly important as the demand for drinking water from groundwater is expected to increase. 
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